in susceptibility to infectious diseases are still not completely understood, 4 although their role has been known since 1892, when a German obstetrician, Albert Döderlein, discovered that
Lactobacillus is a common resident of the vagina and inhibits the growth of pathogens by producing lactic acid. 5 Study of the "solo"
functions of these lactobacilli in vitro can provide useful hints regarding their actual functions in the human vagina, because, unlike the microflora in other tissues such as the gastrointestinal tract, the vaginal microbiota is usually dominated by only one or two species of Lactobacillus.
1
Lactobacillus has a variety of roles in maintaining vaginal health.
Lactobacilli provide defensive factors against vaginal infection, such as lactic acid, H 2 O 2 , and bacteriocins, which create unsuitable conditions for pathogens and are potent enough to kill them. 6, 7 Lactobacillus also exhibits the capability to adhere to vaginal epithelial cells and can compete with pathogens for colonization. 8 A decreased number of lactobacilli in the vaginal microflora is one of the characteristic aspects of bacterial vaginosis (BV), the most common vaginal infection, and is associated with not only a variety of obstetric disorders and post-operative wound infections 9 but also sexually transmitted infections (STI) and an increased risk of human immunodeficiency virus (HIV) acquisition. [10] [11] [12] In BV, the vaginal microbiota, usually dominated by one or two species of Lactobacillus, 1 is replaced by a mixture of many kinds of anaerobic and facultative bacteria, such as Gardnerella vaginalis. 13 Although the pathogenesis of BV remains unclear, 14 some antimicrobial factors provided by lactobacilli are strongly associated with vaginal health. 15 Likewise, the protective roles of lactobacilli against the acquisition of human papillomavirus, which can result in cervical cancer, have recently been highlighted. 16 Vaginal epithelial cells also play important roles in vaginal health.
Vaginal epithelial cells are glycogen rich, and free glycogen in the vaginal fluid is associated with Lactobacillus colonization. 17 In concert with the defensive factors provided by lactobacilli, the vaginal epithelial cells provide a physical barrier against pathogenic bacteria and viruses. 18 Gaps or breaches in this epithelial barrier are one of the potential mechanisms by which HIV crosses into the stroma. 
| Bacterial culture
The bacterial strains L. crispatus (JCM 7696) and L. acidophilus To detect the effects of dead L. crispatus, the bacteria (2.5 × 10 4 CFU/mL) were killed by heat treatment at 100°C for 15 minutes and resuspended in DMEM before addition to the cell culture.
| Scratch assay
The scratch assay was performed as previously described. 32 Briefly, MS74 cells were grown to confluence in 24-well microplate (Falcon, Corning, NY, USA) with 1 mL of the medium described above. A linear scratch was made using a 2-mm-wide Cell Scratcher (Iwaki Glass, Chiba, Japan), and the wells were washed once with phosphate buffered saline (PBS). Immediately after washing, L. crispatus or other reagents in 1 mL of DMEM were added to the scratched cells. Then, at 24 hours after the scratch, the cells were fixed and stained with 7.5% formaldehyde and 0.25% crystal violet (Wako Pure Chemical Industries, Chuo-ku, Osaka, Japan). Images of the remaining wound area in a 4 × 4 mm 2 square at the center of the well were obtained under a stereoscopic microscope and measured using ImageJ software (NIH).
| Recombinant human vascular endothelial growth factor A (VEGF)
To assess the effect of VEGF on cell migration, cells were treated with 10 μg/mL of mitomycin C (MMC; Kyowa Hakko Kirin Co, Tokyo, Japan)
to inhibit cell proliferation for 2 hours and then washed with PBS once immediately before the scratch. Then, the cells were scratched, and 100 pg or 1000 pg/mL of recombinant human VEGF 165 (angiogenetically the most abundant and potent isoform of VEGF, 33 PeproTech, Rocky Hill, NJ, USA) was added. At 48 hours after the scratch, the cells were fixed and evaluated as described above.
| Lactobacillus crispatus culture supernatant
To evaluate the effect of soluble factors from L. crispatus, the bacterium at the 2.5 × 10 4 CFU/mL was cultured in DMEM for 24 hours. Then, the bacterial supernatants were collected and centrifuged at 2380 g for 15 minutes. These bacterium-free supernatants were then harvested and stored at −80°C until use.
Immediately after the scratch, 700 μL of this bacterial supernatant and 300 μL of fresh DMEM were mixed and added to the cell culture.
| Cell viability assay
A trypan blue exclusion assay was performed to evaluate the effect of L. crispatus on M74 cell viability. Briefly, MS74 cells were seeded (5000 cells per well) onto a 96-well microplate (Falcon) 24 hours before the Lactobacillus and other components were added at the same CFU or concentrations as described. After another 24 hours of incubation, cells were incubated with 10% trypsin-EDTA solution and harvested. Then, the cells were stained with trypan blue, and their viability was measured using a hemocytometer.
| Enzyme-linked immunosorbent assay (ELISA) of VEGF
The cell culture supernatants were collected at 24 hours after the scratch and centrifuged at 800 g for 15 minutes. The cell-and bacterium-free supernatants were stored at −80°C until further assay.
The VEGF concentrations in the culture medium were measured using an ELISA kit (R&D Systems, Minneapolis, MN, USA) according to the manufacturer's instructions. The VEGF concentrations in each well were measured at 450 nm using a microplate reader (iMark Microplate Absorbance Reader, Bio-Rad, Hercules, CA, USA). 
| Immunofluorescence assay

| Statistical analysis
Statistical comparisons were performed using the Tukey-Kramer test or Mann-Whitney test using Statcel 3 software (OMS publishing Inc, Tokorozawa, Saitama, Japan). Data are presented as the means ± SEM. A probability value of < 0.05 was considered to represent a significant difference.
| RE SULTS
| Effect of Lactobacillus on re-epithelialization of MS74 cells
The scratch assay showed that at 24 hours after the scratch, 2.5 × 10 3 CFU/mL of L. crispatus tended to accelerate reepithelialization, although the effect was not significant ( Figure 1A ).
In contrast, 2.5 × 10 4 CFU/mL of L. crispatus significantly decreased the remaining wound area ( Figure 1A) . The effect at 2.5 × 10 5 CFU/ mL of L. crispatus was also significant compared with the control value, though not significantly different from the effect of 2.5 × 10 4 CFU/mL of L. crispatus ( Figure 1A ). We also added 2. 
| Involvement of VEGF in Lactobacillus crispatus induced re-epithelialization
The concentration of VEGF in the cell culture supernatant was measured using ELISA. The VEGF concentration was significantly increased in the presence of L. crispatus 24 hours after the scratch (Figure 2A) . Unexpectedly, the increase was only approximately 10% compared with the control. Therefore, we assessed the localization of VEGF production to seek the possibility of topical effects at the scratched edge. The immunofluorescence assay revealed that the immunoreactivity of VEGF was higher at the scratched edge than in the unscratched area, while the reactivity of its receptors, VEGF1 and 2, 34 was site-independently observed ( Figure 2B ).
| The effect of recombinant VEGF in vaginal reepithelialization
Then, recombinant human VEGF was added to confirm the effect of this cytokine. Recombinant VEGF at concentrations of both 100 pg/ mL and 1000 pg/mL did not alter cell viability (data not shown), whereas the recombinant protein significantly decreased the remaining wound area in a dose-dependent manner at 48 hours after the scratch under pretreatment with MMC ( Figure 3 ).
| Effect of Lactobacillus crispatus culture supernatant
To assess the effects of soluble factors from L. crispatus, culture supernatant was added to the scratched cells. The bacterial supernatant significantly reduced the remaining wound area ( Figure 4A ). L. crispatus supernatant also significantly increased the VEGF concentration in the MS74 cell culture medium ( Figure 4B ). VEGF is an important factor in the tissue repair process and is known as a migration inducer of epithelial cells. 50, 51 In human vaginal swabs, the normal Lactobacillus-dominated vaginal flora was associated with a higher mean concentration of VEGF compared with that of urinary tract infection-prone women, more than 50% of whom had abnormal vaginal microbiota. 52 In the present study, We also observed higher immunoreactivity of VEGF at the scratched edge, indicating that VEGF reacts as part of topical autocrine/paracrine signaling, and 100 pg/mL of hrVEGF significantly increased MS74 cell migration. This result suggests that an approximately 10% (75 pg/mL) increase in VEGF production in the overall culture medium would be sufficient for physiological action at the 
| D ISCUSS I ON
55
In addition to its presence as an indigenous bacterium in the vagina, some probiotic uses of L. crispatus have also been studied.
56
L. crispatus showed a protective effect in treatment of recurrent BV 57 and urinary tract infection (UTI). 58, 59 The latter was supported by the observation that UTI recurrence was associated with abnormal vaginal flora. 52 In the gastrointestinal tract, L. crispatus decreased TNF-α in ex vivo samples from patients with Crohn's disease, although the effect was not significant. 60 L. crispatus also exhibited a beneficial effect against colitis in mice. 61, 62 Notably, the vagina and rectum can share lactobacilli; L. crispatus and L. jensenii prefer to occur in both the vagina and rectum, whereas L. iners is found predominantly in the vagina and L. gasseri in the rectum. 63 These studies have indi- 
